Introduction
The type 1 insulin-like growth factor receptor (IGF-IR) activated by its ligands plays an important role in cell proliferation in at least three ways: (1) it is required, in co-operation with other growth factors, for the optimal growth of cells in vitro (Stiles et al., 1979) and in vivo Liu et al., 1993) ; (2) it is necessary for the establishment and maintenance of the transformed phenotype, at least in a variety of cell types (see Baserga, 1995 for a review); and (3) it protects cells from apoptosis. The evidence for an antiapoptotic function of the IGF-IR activated by its ligands is substantial. Thus, IGF-I protects hemopoietic cells from apoptosis induced Interleukin-3 (IL-3) withdrawal (Rodriguez-Tarduchy et al., 1992) , neuronal cells injured by various methods (D'Mello et al., 1993; Gluckman et al., 1992) , and cells overexpressing c-myc (Askew et al., 1991) , which undergo apoptosis in the absence of other growth factors (Harrington et al., 1994 ). An overexpressed IGF-IR protects from apoptosis induced by IL-3 withdrawal murine hemopoietic cells, such as FDC-P1 (McCubrey et al., 1991) , FL5.12 cells (O'Connor et al., 1997) and 32D cells (Prisco et al., 1997) , and it also protects cells from apoptosis induced by etoposide , Tumor Necrosis Factor a (Wu et al., 1996) or osmotic pressure (Singleton et al., 1996) . Conversely, when the function of the IGF-IR is decreased or otherwise impaired by antisense strategies or by dominant negatives, tumor cells undergo massive apoptosis, which is more prominent in vivo than in vitro (Resnico et al., 1995a,b; D'Ambrosio et al., 1996) . Mutational analyses of the IGF-IR have indicated that the three functions mentioned above, mitogenesis, transformation and protection from apoptosis, map on separate domains of the receptor itself Hongo et al., 1996; O'Connor et al., 1997) .
The IGF-IR interacts directly with at least 4 dierent substrates: IRS-1 (Sun et al., 1992) , Shc (Pronk et al., 1993) , IRS-2 (Araki et al., 1994) and Grb10 Dey et al., 1996; O'Neill et al., 1996) . Among these, IRS-1 and Shc are presently the best characterized. In a previous paper (Zhou-Li et al., 1995) , we reported that IRS-1 and the SV40 large T antigen co-operate in the transformation of R-cells, that are 3T3-like cells with a targeted disruption of the IGF-IR genes (Sell et al., 1994) . Neither IRS-1 nor SV40 T antigen, singly, can transform R-cells, although they can transform 3T3 cells with a wild type number of IGF-IRs (Sell et al., 1993; D'Ambrosio et al., 1995) ; in combination, they can also transform R-cells. In the following experiments, we investigated the role of the IGF-IR, IRS-1 and the SV40 T antigen in 32D cells, that undergo apoptosis upon IL-3 withdrawal (Blandino et al., 1995; Prisco et al., 1997) .
Results

Generation of transfectant cell lines
32D cells have very low levels of IGF-IR (Prisco et al., 1997) , and no detectable levels of either IRS-1 or IRS-2 (Wang et al., 1993) . They have an absolute requirement for IL-3, and, upon withdrawal of IL-3, they undergo apoptosis even in 10% serum (Blandino et al., 1995; Prisco et al., 1997) . 32D cells were stably transfected with plasmids expressing either the SV40 T antigen or IRS-1, or both (see Materials and methods). Several clones were selected, and tested for expression of IRS-1 or T antigen. The levels of expression of either IRS-1, or T antigen or both in representative clones are shown in Figure 1 , panel a. Neither T antigen, nor IRS-1 are detectable in the parental 32D cells, but they are easily detectable in the respective transfectants. The clones are designated as 32D (parental), 32D/IRS1, 32D/T and 32D/IRS1/T. For simplicity, we will present data on only one 32D/IRS1 clone, since other clones have already been reported, with the same results, in another paper (Prisco et al., 1997) . The clone selected for this paper is the one from which all 32D/IRS1/T clones were derived.
Using R-derived cells (Zhou-Li et al., 1995), we had previously shown that T antigen and IRS-1 can be co-precipitated from cell lysates. Figure 1 , panel b, con®rms that ®nding in 32D cells. When both plasmids are expressed, they co-precipitate, whether the lysates are immunoprecipitated with an antibody to T antigen, or with an antibody to IRS-1.
Growth characteristics of cell lines
The IL-3 source, as customary, was conditioned medium obtained from WEHI-3B cells (Blandino et al., 1995) . The IL-3 concentrations given in this paper are actually the concentrations of WEHI-conditioned medium, which will be referred to, for simplicity, as percent of IL-3. At high concentrations of IL-3, 32D cells and their transfectants grow very well and rapidly (not shown). To detect whether T antigen or IRS-1 had any aect on the growth of 32D cells, the parental cell line and the transfectants were tested (see Materials and methods) at low concentrations of IL-3, and the results with representative clones are shown in Figure 2 . At IL-3 concentrations of less than 0.1%, the parental cells and the clones expressing only T antigen or only IRS-1 died. The last mentioned cells began to survive at 0.1% IL-3, while the clones expressing both IRS-1 and T antigen grew also at concentrations of IL-3 less than 0.1%. Interestingly, at 0.5% IL-3, 32D/T cells did not grow better than the parental cell line; however, clones expressing IRS-1 did grow signi®cantly better than the parental 32D cells, regardless of whether they were expressing also T antigen or not. These experiments con®rm the important role of IRS-1 in the mitogenic signaling from the insulin and IGF-1 receptors (Waters et al., 1993; Wang et al., 1993; Rose et al., 1994; Yamauchi and Pessin, 1994) . Figure 3 shows selected clones, the results have been reproduced with several clones, at least three clones expressing only T antigen and three clones expressing both T antigen and IRS-1 (not shown), while other clones of 32D cells expressing only IRS-1 have been described by Prisco et al. (1997) . In all cases, addition of IGF-I has only a modest eect on survival. This is to be expected, because 32D cells have IGF-IRs (Prisco et al., 1997) and 10% serum already contains substantial amounts of IGF-I and IGF-II (Zumstein et al., 1985) . Protection from apoptosis in 32D cells after IL-3 withdrawal by an overexpressed IGF-IR has already been reported before (O'Connor et al., 1997; Prisco et al., 1997) . The Shc proteins are another major substrate of the IGF-IR. Like IRS-1, they are involved in the mitogenic signaling of the IGF-IR (Pronk et al., 1993; Yamauchi and Pessin, 1994) . We transfected a plasmid expressing the 46 kDa and 52 kDa Shc proteins into 32D cells, and we selected a few clones overexpressing the proteins. None of the clones overexpressing the Shc proteins survived better than 32D cells after IL-3 withdrawal (not shown). If anything, we noticed that 32D cells overexpressing Shc actually died more rapidly. For instance, at 24 h, 25% of 32D cells were still viable, while the percentage of viable cells of the three clones overexpressing the Shc proteins were, respectively 3, 18 and 3%.
Demonstration of apoptosis in 32D cells and derived cell lines
Although apoptosis of 32D cells after IL-3 withdrawal is well documented (Greenberger et al., 1983; Blandino et al., 1995; Soddu et al., 1996) , it was important to show that it still occurred in 32D cells expressing either IRS-1 or T antigen, but not in 32D cells expressing both. We used two methods to determine the presence of apoptotic cells: FACS analysis, and DNA laddering. Since both methods gave identical results, we will limit ourselves to show the FACS analysis (Figure 4) . At 16 h after IL-3 withdrawal, peaks of apoptosis are detectable in all cell lines, but these peaks are modest in 32D cells and in 32D/IRS1 cells, almost undetectable in 32D/IRS1/T cells and prominent in 32D/T cells. Eventually, substantial peaks of apoptotic cells appear in all cell lines, except in 32D/IRS1/T cells, where it is still barely detectable. It seems that 32D cells expressing only T antigen undergo accelerated apoptosis, a ®nding con®rmed by DNA laddering analysis (not shown). It should be pointed out that FACS analysis, like DNA laddering, gives the fraction of cells that are undergoing apoptosis at the time of observation; in Figure 3 instead, we are counting the number of surviving cells, whose decrease is cumulative.
Levels of Stat1 remain stable in cells protected from apoptosis
In an attempt to search for dierences between 32D/ IRS1/T cells and the other cell lines, we looked at a variety of candidates, including bcl-2 (Haldar et al., 1994) , Bax and others, but with inconclusive results (not shown). One dierence that was con®rmed was the level of Stat1, a protein that plays an important role in signal transduction (Ihle, 1995 (Ihle, , 1996 . In Figure Figure 6 shows that there is no dierence in IRS-1 or T antigen levels, between cells with or without IL-3. Furthermore, the levels of T antigen, for example, are the same in 32D/T cells (programmed for apoptosis), and 32D/IRS1/T cells (protected from apoptosis), and the same is true for IRS-1 in 32D/IRS1 cells and 32/IRS1/T cells. It seems, therefore, that the decrease in Stat1 levels is not a generalized phenomenon of protein degradation, since it does not seem to aect Grb2, T antigen and IRS-1.
Mechanism of decrease of Stat1 levels
We investigated whether the decrease in Stat1 levels occurring in unprotected cells was due to degradation of the protein or inhibition of its synthesis. For this purpose, 32D cells and 32D/IGFIR cells were metabolically labeled with 35 S-methionine (see Materials and methods) for 2 h at various intervals after removal of IL-3. 32D/IGFIR cells were used in preference to other cell lines, simply because they seem to be the best protected cells. The results ( Figure  7) show that the synthesis of Stat1 remains stable for 10 h, after IL-3 withdrawal in 32D cells. There is a slight decrease at 13 h and a sharp decrease at 16 h, while the levels of Stat1 synthesis remain the same in 32D/IGFIR cells. Grb2 synthesis seems to decrease in both cell lines at 20 h after IL-3 withdrawal. In previous experiments (not shown), we had found that Stat5 also decreased in 32D cells after IL-3 withdrawal, but not in 32D/IGFIR cells. The experiment described in Figure 7 was repeated for Stat5, and the results (Figure 8 ) are essentially the same as for Stat1. Stat5 synthesis remains high in 32D/IGFIR cells, but decreased to undetectable levels in the parental cell line.
A similar experiment was carried out on 32D/IRS1/ T cells. The cells were labeled with 35 S-methionine for 2 h at 0 time and 16 h after withdrawal of IL-3. The lysates were treated in the same way as in Figure 7 , except that the Stat1 bands were then excised and counted in a liquid scintillation counter. The results are summarized in Table 1 . In 32D cells (controls), the incorporation of radioactive methionine into Stat1 at 16 h after IL-3 withdrawal is decreased by almost 90% in respect to 0 time. On the contrary, in 32D/IRS1/T cells, the incorporation of 35 S-methionine is essentially the same in the presence or absence of IL-3.
We have also determined the half-life of Stat1 under these conditions. 32D cells were labeled with 35 Smethionine, and the levels of Stat1 were determined at various intervals afterwards, in the presence or absence of IL-3. Figure 9 shows the results and the calculated half-lives. There is no detectable dierence in the half-life of Stat1 in 32D cells, regardless of the presence or absence of IL-3. The half-life of Stat1, from these experiments, is apparently 4 h.
Discussion
Evidence is rapidly accumulating that the IGF-IR, activated by its ligands, protects cells from apoptotic injury caused by a variety of agents (see Introduction), including IL-3 withdrawal in hemopoietic cells with an absolute requirement for IL-3 for survival (McCubrey et al., 1991; Rodriguez-Tarduchy et al., 1992; O'Connor et al., 1997; Prisco et al., 1997) . IRS-1 and Shc are the best characterized substrates of the IGF-IR (White and Kahn, 1994) , and the consensus is that they are important for its mitogenic signaling (Waters et al., 1993; Wang et al., 1993; Rose et al., 1994; Yamauchi and Pessin, 1994) . The need for IRS-1 in insulinmediated DNA synthesis has been demonstrated speci®cally in 32D cells by Yenush et al. (1996) . In a previous paper (Zhou-Li et al., 1995), we have shown that neither SV40 T antigen or IRS-1, singly, could transform R-cells, which are mouse embryo ®broblasts with a targeted disruption of the IGF-IR genes Liu et al., 1993) . These cells are refractory to transformation by a variety of cellular and viral oncogenes (see reviews by Baserga, 1995 and Baserga, 1995) , that can readily transform 3T3 cells with a physiological number of IGF-IRs. However, a combination of IRS-1 and T antigen could transform Rcells (Zhou-Li et al., 1995) , and this co-operation between IRS-1 and T could be shown to be due to their association (co-precipitation with the respective antibodies). In that paper, we also showed that IRS-1 interacts with the amino terminal domain of T antigen. In this paper, we have investigated the ability of IRS-1 and SV40 T antigen, singly or in combination, to protect 32D cells from apoptosis induced by IL-3 withdrawal.
Interestingly, SV40 T antigen, by itself, could not protect 32D cells from apoptosis. As mentioned above, protection by IRS-1 depends in part on the de®nition of protection. Especially with IGF-I supplementation, IRS-1 oers a degree of protection that cannot be ignored. However, it is also evident that protection by IRS-1 is not as dramatic as protection by the IGF-IR or by a combination of IRS-1 and SV40 T antigen. The cells were labeled for 2 h with 35 S-methionine in the presence of IL-3 or 16 h after IL-3 withdrawal, as described in Figures 7 and 8 . The Stat1 bands were excised and counted in a liquid scintillation counter
There is no question that SV40 T antigen is a transforming oncogene (see review by Manfredi and Prives, 1994) , and yet, it oers no protection against apoptosis in 32D cells, indeed, if anything it seems to accelerate the apoptotic process. This was unexpected, since a number of reports have indicated that a wild type p53 also accelerates apoptosis induced by IL-3 withdrawal in 32D and similar cells (Blandino et al., 1995; Soddu et al., 1996; Prisco et al., 1997) . Since 32D cells carry a wild type p53 (Blandino et al., 1995) , one can say that the interaction between T antigen and wild type p53 (Levine, 1990) does not seem to be protective in this system. Our results, however, are similar to those of Lenahan and Ozer (1996) , who reported that SV40 T antigen does not protect Rat1 ®broblasts from c-myc induced apoptosis, although the T antigen in these cells binds normally to p53. IRS-1 is non-transforming in R-cells, but it is transforming in cells with a physiological number of IGF-IRs (D' Ambrosio et al., 1995) . 32D cells have a very low number of IGF-IRs (Prisco et al., 1997;  calculated about 2800 receptors per cell, against 15 ± 20 000 in 3T3 cells), which could explain the partial protection oered by IRS-1. Shc proteins do not protect 32D cells at all, and, indeed, in our laboratory, we have consistently found that they accelerate apoptosis, including mouse embryo fibroblasts treated with low concentrations of okadaic acid (Parrizas et al., 1997) and the inhibition of ICE family proteins (Jung et al., 1996) . Perhaps, IRS-1 and T antigen send only partial signals, that are not sucient for protection from apoptosis: in combination, they signal like the IGF-IR. Alternatively, the T antigen pathway is totally dierent from the IGF-IR signaling.
The situation is even more complex since 32D cells do not have IRS-1 or IRS-2 (Wang et al., 1993) , therefore, one has to assume that the IGF-IR can protect these cells through another mechanism that is IRS-1 independent. Furthermore, an IGF-IR with a Y950F mutation protects FL5.12 cells (similar to 32D cells, but not devoid of IR-1) from IL-3 withdrawal apoptosis (O'Connor et al., 1997) , and tyrosine residue 950 is considered the speci®c residue of IGF-IR/IRS-1 interaction (O'Neill et al., 1994) . On the other hand, IRS-1, originally described as a docking protein, speci®c for the insulin and IGF-I receptors (Sun et al., 1992) , has turned out to be at the cross-road of several signaling pathways. Besides interacting with PI3 kinase (Parrizas et al., 1997) , it is essential for IL-4 stimulation of hemopoietic cells (Wang et al., 1993; Myers et al., 1994) , for signaling by the growth hormone receptor and interferon-g (Argetsinger et al., , it is involved in interactions with the JAK family of transducing molecules (Johnston et al., 1995, see also the review by Ihle, 1994 and Platanias et al., 1996) , with certain types of integrins (Vuori and Ruoslahti, 1994) , with the Syp phosphatase (Tanaka et al., 1996) and with the SV40 T antigen (Zhou-Li et al., 1995) and is phosphorylated by several cytokines (Johnston et al., 1995) . In this respect, one should remember that experiments with 32D cells are carried out in 10% serum, which could activate other receptors, besides the IGF-IR. So perhaps, we should say that the IGF-IR is the equivalent of, but not the same thing as, the combination of T antigen and IRS-1, the latter being capable of sending a partial protection signal on its own.
In our search for a clue, we have explored several possibilities, with inconclusive results. One ®nding that we could repeatedly con®rm was the stabilization of Stat1 levels. Phosphorylated Stat proteins translocate to the nucleus, where they can activate transcription of a number of genes, especially cytokine-inducible genes (for a review, see Ihle, 1995) . Our experiments indicate that an increased Stat1 stability correlates well with protection from apoptosis. Thus Stat1 levels remain high in six separate clones of 32D/IRS1/T cells, even after withdrawal of IL-3; they also remain high in 32D cells overexpressing the IGF-IR, which are also protected from apoptosis induced by IL-3 withdrawal. Stat1 levels, however, decrease to levels undetectable under the present conditions in the parental 32D cells, and in 32D/IRS1 and 32D/T cells. Figure 5 seems also to indicate that phosphorylated Stat1 (or, at least, tyrosyl phosphorylated Stat1) disappears even faster than total Stat1. Levels of Stat1 were measured at 16 h after IL-3 withdrawal, when the process of apoptosis is barely beginning in a small fraction of 32D and 32D/ IRS1 cells. It is conceivable, though, that the loss of Stat1 in cells programmed for apoptosis may be due to a general decrease in cell proteins. We have only examined IRS-1 itself, T antigen and Grb2 and these proteins are still at normal levels, 16 h after IL-3 withdrawal. It seems therefore, that the instability of Stat1 has, at least, a certain element of speci®city. Stat5 seems to behave in a similar manner. On the other hand, the dierences in stability between the Stat proteins and the other proteins tested may simply be due to dierences in their half-lives. It is tempting to relate our ®ndings to a recent report that IRS-1 is required for insulin-stimulated proteins synthesis (Mendez et al., 1996) , except that IRS-1 only is not fully protective in our experiments.
A number of reports have tied Stat proteins to IL-3 or other interleukins (Quelle et al., 1995) . In a recent paper, Aronica et al. (1996) reported that IL-3 induced Stat1 phosphorylation in certain leukemic cell lines, but the levels of Stat1 remained the same, even 18 h after IL-3 withdrawal. In our experiments, on the contrary, it is the levels of Stat1 that decrease to non-detectable levels in cells programmed for cell death. It has been previously reported that, when the cells are activated by interferon-g treatment, Stat1 is phosphorylated, then disappears to undetectable levels within 1 ± 2 h; a proteasome inhibitor stabilizes them (Kim and Maniatis, 1996) .
A similar situation has been reported in IL-6-de®cient mice; when undergoing liver regeneration, Stat3 disappeared, but it was promptly restored by injection of IL-6 (Cressman et al., 1996) . There are also reports of a connection between insulin and the Stat system, although both reports deal with Stat3 (Ceresa and Pessin, 1996; Campos et al., 1996) . Our results indicate that the decrease in Stat1 and Stat5 levels in 32D cells is due to inhibition of their synthesis, while their half-lives remain unchanged. The half-life of total Stat1 seems to be quite short, about 4 h; the only other report on this topic is the one by Haspel et al. (1996) , who, however, measured only tyrosine phosphorylated Stat1. Under their conditions, tyrosyl phosphorylation of Stat1 disappeared with 4 h, but the amount of Stat1 remained constant. Clearly, based on our results, we cannot claim that the eect on Stat proteins is speci®c; however, we can say that it is not due to a generalized degradation of proteins. Neither do we claim that the disappearance of Stat1 has any causative eect on apoptosis; rather, we look at it as a possible marker of apoptotic injury, i.e. an eect rather than the cause. We are aware that we are leaving unexplained the mechanism(s) of inhibition of Stat1 and Stat5 synthesis. These studies, that require an examination of levels of mRNA, transcripts, processing of hnRNA and promoter activity, are presently being carried out.
For the moment, we would like to conclude that our experiments, while con®rming the protective eect of the IGF-IR against apoptotic injuries, provide also some novel ®ndings, i.e.; (1) neither IRS-1 nor T antigen, singly, can fully protect 32D cells from IL-3 withdrawal apoptosis; (2) however, they can do so in combination, almost as eciently as an overexpressed IGF-IR; (3) programmed cell death under these conditions results in the gradual disappearance of some Stat proteins, at a time (after IL-3 withdrawal) when other protein levels remain unchanged and (4) the disappearance of Stat1 and Stat5 proteins seems to be due to cessation of their synthesis and not to a shortening of their half-lives. The decrease in Stat's does not occur in cells protected by the IGF-IR or by a combination of IRS-1 and T antigen.
Materials and methods
Cell lines
The 32D cell line (a kind gift from Dr B Calabretta, Thomas Jeerson University) is an IL-3 dependent myeloid cell line derived from normal murine marror (Greenberger et al., 1983) . Cells were grown in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 10% (v/v) conditioned medium from the murine myelomonocytic cell line WEHI-3B as the source of crude IL-3 (IL-3-CM). The 32D/IRS1 cell lines which express either IRS-1 or the 32D/IGFIR were chosen among several clones generated in our laboratory or in that of Rosemary O'Connor (ImmunoGen, boston), that overexpress either IRS-1 or the IGF-IR (O'Connor et al., 1997; Prisco et al., 1997) .
Plasmid and transfection
pRSVBneoT (a kind gift of Dr A Srinivasan, University of Pittsburgh) is the plasmid used to express the wild type SV40 T antigen. It contains the full-length coding sequence of the SV40 T antigen under the control of an RSV promoter as well as the neomycin resistance gene. 32D/Shc cells were generated by transfection with pcDNA3/Shc encoding human Shc under the control of CMV promoter . The IGF-IR cDNA used for transfection was a human cDNA, containing the full length coding sequence (Ullrich et al., 1986) .
32D and 32D/IRS1 cells were transfected by electroporation (200V 960 mF) in phosphate-buered saline (PBS) containing 15 mg plasmid DNA. Clones expressing the T antigen were selected in medium containing 800 mg/ml of G418. G418-resistant cells were examined for the expression levels of T antigen using Western blot analysis. These mixed population cell lines are referred to as 32D/T and 32D/IRS1/T.
Immunoprecipitation and Western blotting
Cells were rinsed twice with PBS and lysed with RIPA buer (50 mM Tris-HC1 pH 7.4, 150 mM NaCl, 1% Nonidet P-40, 0.1% sodium deoxycholate, 4 mM EDTA, 10 mM sodium pyrophosphate, 2 mM sodium orthovanadate, 10 mM NaF, 10 mg/ml aprotinin and 1 mM phenylymethylsufonyluoride). After the insoluble material was removed by centrifugation, the protein concentration in the clari®ed lysate was determined by Bio-Rad protein assays (Bio-Rad Laboratories Richmond CA). For immunoprecipitation experiments, cell lysates containing equal amounts of protein were subject to immunoprecipitation by overnight incubation at 48C with the indicated antibodies. Immune complexes were washed four times with cold lysis buer, eluted and denatured by boiling for 4 min in Laemmli buer.
For immunoblot analysis, either speci®c immunoprecipitates or total cell lysates were resolved on a 4 ± 15% gradient SDS ± PAGE and then transferred to nitrocellulose membranes (Schleicher & Schuell) by electroblotting. The membranes were blocked with 5% non-fat milk in TBST buer (Tris pH 7.5, 10 mM, NaCl 100 mM, Tween 20, 0.1%) and probed with the indicated antibodies. Blots were then developed with the ECL system, according to the manufacturer's instructions (Amersham Corp).
Antibodies used
For the detection of IRS-1 association with T antigen, cell lysates (300 mg of protein) were immunoprecipitated with anti-T antigen antibody PAb901 (Santa Cruz), followed by Western blotting with an anti-IRS-1 polyclonal antibody (UBI). Conversely, cell lysates were immunoprecipitated with the anti-IRS-1 antibody and Western blotted with the anti-T antigen antibody PAb901.
The co-precipitation of Stat1 with IGF-IR was detected by immunoprecipitation with the Stat1 antibody (Transduction Laboratories) and then Western blotting with the antibody against to IGF1-R b subunit (Santa Cruz). An antiphosphotyrosine monoclonal antibody conjugated with horseradish peroxidase (Transduction Laboratories) was used for detection of tyrosyl phophorylated Stat1. The Stat1 expression in the presence or absence of IL-3 was determined by Western blotting using the same Stat1 antibody used for immunoprecipitation. Grb2 expression (used as control for protein loading on Western blot) was detected using a monoclonal antibody from Transduction Laboratories.
Growth and viability assay
Cells were washed three times with PBS and cultured in RPMI containing 10% inactivated FBS without IL-3-CM for various times, at a density of 3 ± 5610 5 cells/ml. The percentage of viable cells was determined by trypan blue dye exclusion at the indicated time points. In all experiments, the percentage of viable surviving cells varied from 95 ± 99%, so that the viable cells essentially re¯ect the number of surviving cells. In some experiments, the amounts of IL-3-CM varied from 0 to 1%.
Detection of apoptosis by¯ow cytometry
The method we use has been described in detail in the paper by Sell et al. (1995) . Brie¯y, cells are washed with phosphate-buered saline (PBS), and ®xed by the addition of 70% ice-cold ethanol. After 10 min the cells are washed with PBS and treated with RNase A (75 U/ml) for 30 min at 378C, washed again in PBS and re-suspended in PBS containing 15 mg/ml propidium iodide. A minimum of 20 000 cells are analysed with a Coulter Epics Pro®le II (Coulter Electronics, Inc., Hialeah, FL).
Metabolic labeling and immunoprecipitation of Stat1
For the detection of Stat1 synthesis in the absence of IL-3, prior to metablolic labeling, the cells were washed three times in serum-free, IL-3-free RPMI-1640 medium. The cells were resuspended in the same medium supplemented with 10% heat-inactivated FBS and incubated at 378C. At the times indicated, metabolic labeling was performed with 50 mCi/ml 35 S-methionine (Tran 35 S-label, ICN) for 2 h. The same methodology was used for the metabolic labeling of Stat5. In some experiments, the Stat bands were cut out from the gels and counted in a liquid scintillation counter.
For the detection of Stat1 half-life, the growing cells were washed three times in methionine-free RPMI-1640 medium. The cells were resuspended in the same medium, 35 Smethionine was added at 50 mCi/ml and the cells were incubated at 378C for 2 h. The radiolabeled cells were washed and incubated in fresh methionine replete RPMI-1640 medium with or without IL-3-CM for the times indicated.
The cells treated as described above were collected and washed twice with cold phosphate-buered saline and lysed in the lysis buer. Stat1 was then immunoprecipitated and immune complexes were resolved by SDS ± PAGE. Gels containing 35 S-methionine-labeled proteins were ®xed with 10% glacial acetic acid and 30% methanol for 1 h, enhanced by impregnating with a commercial¯uorography enhancing solution (En 3 Hance, Du Pont) for 1 h and precipitated in water for 30 min. The gels were then dried and autoradiography was carried out using Kodak X-Omat ®lm.
